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(57) ABSTRACT

The present disclosure provides a transparent display panel,
its manufacturing method and a transparent display device.
The transparent display panel comprises a first substrate, a
second substrate, a third substrate, a first liquid crystal layer
and a plurality of first pixels located between the first
substrate and the second substrate; and a second liquid
crystal layer and a plurality of second pixels located between
the second substrate and the third substrate; the first liquid
crystal layer has a larger refractive index than the first
substrate and the second substrate; and the second liquid
crystal layer has a larger refractive index than the third
substrate and the second substrate; after applying voltages to
one first pixel and one second pixel, a long axial direction of
the first liquid crystal molecules 1s not parallel to a long axial
direction of the second liquid crystal molecules; and at least
part of a side surface of the transparent display panel 1s a
light-entering surtace.
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TRANSPARENT DISPLAY PANEL, ITS
MANUFACTURING METHOD AND

TRANSPARENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-

cation No. 201610840011.X filed on Sep. 21, 2016, which 1s
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, and 1n particular to a transparent display panel,
a method for manufacturing the same, and a transparent
display device comprising the same.

BACKGROUND

A transparent display device 1s a display device which can
assume a transparent display state such that a viewer 1s able
to see rear scenes thereof. It 1s usually applicable to depart-
ment store display windows, perspective doors of refrigera-
tors, front windshields of cars, vendors and other fields, and
capable of producing display, interactive, and advertising
and other synergistic effects. Due to 1ts unique application
scene and ability to achieve intelligent switching of scenes,
the application of the transparent display device 1n a specific
display field attracts more and more attention.

A basic structure of a conventional transparent display
device comprises a transparent light guide plate of which a
side surface 1s provided with a light source, a lower polar-
1zer, a transparent display panel having a liquid crystal layer,
and an upper polarizer stacked together 1n order. When the
transparent display device displays an image, light emitted
from the light source 1s guided by the light guide plate
towards the lower polarizer. The light passes through the
lower polarizer and then enters the transparent display panel.
After passing through the detlected liquid crystal molecules
in the liquid crystal layer, the light exits from the upper
polarizer. However, Due to structural limitations of the
conventional transparent display device, an angle of the light
exiting the transparent display device 1s limited, and thus a
viewing angle of the transparent display device 1s narrow.

SUMMARY

An object of the present disclosure 1s to provide a trans-
parent display panel that 1s capable of enlarging a viewing,
angle of a transparent display device, and a method for
manufacturing the transparent display panel. Further,
another object of the present disclosure 1s to provide a
transparent display device comprising the transparent dis-
play panel which 1s capable of enlarging a viewing angle of
the display device.

In order to achieve these objects, the present disclosure
provides the following technical solutions.

In a first aspect, the present disclosure provides a trans-
parent display panel including: a first substrate, a second
substrate, and a third substrate superimposed 1n order; a first
liquid crystal layer and a plurality of first pixels located
between the first substrate and the second substrate; and a
second liquid crystal layer and a plurality of second pixels
located between the second substrate and the third substrate,

wherein the plurality of first pixels 1s distributed 1n an
array, the plurality of second pixels 1s distributed 1n an array,
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and the plurality of second pixels correspond to the plurality
of first pixels 1n a one-to-one manner; the first liquid crystal
layer contains first liquid crystal molecules and has a larger
refractive index than the first substrate and the second
substrate; and the second liquid crystal layer contains second
liguid crystal molecules and has a larger refractive index
than the third substrate and the second substrate,

wherein alter applying voltages to one first pixel and one
second pixel, a long axial direction of the first liquid crystal
molecules corresponding to the one first pixel and a long
axial direction of the second liquid crystal molecules cor-
responding to the one second pixel are not parallel to a
surface of the first substrate facing the second substrate at
the same time, and the long axial direction of the first liquid
crystal molecules 1n the first liquid crystal layer correspond-
ing to the one first pixel 1s not parallel to the long axial
direction of the second liquid crystal molecules 1n the
second liquid crystal layer corresponding to the one second
pixel, and

wherein at least part of a side surface of the transparent
display panel 1s a light-entering surface of the transparent
display panel, and 1n the case that light enters the transparent
display panel through the light-entering surface and exits
from a surface of the first substrate facing away from the
second substrate and/or a surface of the third substrate
facing away from the second substrate, the transparent
display panel displays an image.

In a second aspect, the present disclosure provides a
transparent display device including a light source and the
transparent display panel as described above, wherein the
light source 1s located on a side surface of the transparent
display panel, and opposite to the light-entering surface of
the transparent display panel.

In a third aspect, the present disclosure provides a method
for manufacturing a transparent display panel which 1s the
transparent display panel as described above, the method
including steps of:

providing the first substrate, the second substrate and the
third substrate:

superimposing the first substrate, the second substrate and
the third substrate in order, forming a plurality of first pixels
distributed 1n an array between the first substrate and the
second substrate, and forming a plurality of second pixels
distributed 1n an array between the third substrate and the
second substrate, wherein the plurality of first pixels corre-
sponds to the plurality of second pixels in a one-to-one
manner; and

forming a first liquid crystal layer between the first
substrate and the second substrate and forming a second
liguid crystal layer between the third substrate and the
second substrate.

At least one embodiment according to the present disclo-
sure can product the following advantageous technical
cllects.

When the transparent display device according to the
present disclosure or a transparent display device compris-
ing the transparent display panel of the present disclosure
displays an 1mage, since the first liquid crystal layer has a
larger refractive index than the first substrate and the second
substrate and the second liquid crystal layer has a larger
refractive index than the third substrate and the second
substrate, light emitted from the light source may be totally
internally reflected when travelling within the transparent
display panel and gradually travels to each region of the
transparent display panel. When voltages are applied to a
first pixel and a second pixel corresponding to the first pixel,
a long axial direction of the rotated first liquid crystal
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molecules and a long axial direction of the rotated second
liquad crystal molecules are not parallel to the surface of the
first substrate facing the second substrate at the same time,
and the long axial direction of the rotated first liquid crystal
molecules 1s not parallel to the long axial direction of the
rotated second liquid crystal molecules. When the light
travels to the first pixel and the corresponding second pixel
to which the voltages have been applied, an intensity of light
exiting the transparent display panel under the guidance of
the rotated first liquid crystal molecules and an intensity of
light exiting the transparent display panel under the guid-
ance of the rotated second liquid crystal molecules may
compensate for each other. That 1s, an intensity of light
whose exiting direction 1s at a large angle to the long axial
direction ol the rotated first liquid crystal molecules 1is
increased, and an intensity of light whose exiting direction
1s at a large angle to the long axial direction of the rotated
second liquid crystal molecules 1s also 1increased. Therefore,
a viewer whose position 1s deviated far from a central line
of the transparent display device can also see the picture
displayed on the transparent display device. In other words,
a viewing angle of the transparent display device 1s enlarged.

BRIEF DESCRIPTION OF THE DRAWINGS

Drawings described here are provided for further under-
standing of the present disclosure and constitute a part of the
present disclosure. Illustrative embodiments of the present
disclosure and description thereof are merely for explaining
the present disclosure, and not for limiting 1t thereto. In the
drawings,

FIG. 1 1s a structural schematic view of a transparent
display device provided imn an embodiment of the present
disclosure:

FIG. 2 1s a schematic view of a state of a first pixel and
a second pixel corresponding to the first pixel of FIG. 1 to
which voltages have been applied;

FIG. 3 1s a structural schematic view of another transpar-
ent display device provided 1n an embodiment of the present
disclosure;

FIG. 4 1s a flow chart of a method for manufacturing a
transparent display panel provided 1n embodiment 1 of the
present disclosure;

FIG. 5 1s a flow chart of a method for manufacturing a
transparent display panel provided in embodiment 2 of the
present disclosure;

FIG. 6 1s a flow chart of a method for manufacturing a
transparent display panel provided in embodiment 3 of the
present disclosure.

LIST OF REFERENCE SIGNS

100: transparent display panel; 200: light source; 10: first
substrate; 20: second substrate; 30: third substrate; 40: first
pixel; 41: first pixel electrode; 42: first common electrode;
43: first liquad crystal layer; 431: first liqud crystal mol-
ecules; 432: first stable polymer; 44: first alignment film; 45:
second alignment film; 50: second pixel; 51: second pixel
clectrode; 52: second common electrode; 53: second liquid
crystal layer; 531: second liquid crystal molecules; 332:
second stable polymer; 34: third alignment film; 55: fourth
alignment film.

DETAILED DESCRIPTION

In order to further explain the transparent display panel,
its manufacturing method and the transparent display device
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provided in the embodiments of the present disclosure, the
present disclosure will be described 1n detail 1n conjunction
with the drawings.

Referring to FIG. 1, a transparent display panel 100
provided 1n an embodiment of the present disclosure com-
prises a lirst substrate 10, a second substrate 20, and a third
substrate 30 superimposed in order; a first liquid crystal
layer 43 and a plurality of first pixels 40 located between the
first substrate 10 and the second substrate 20; and a second
liquad crystal layer 33 and a plurality of second pixels 50
located between the second substrate 20 and the third
substrate 30. The plurality of first pixels 40 1s distributed 1n
an array, the plurality of second pixels 50 1s distributed 1n an
array, and the plurality of second pixels 50 corresponds to
the plurality of first pixels 40 1n a one-to-one manner. The
first liquad crystal layer 43 has a larger refractive index than
the first substrate 10 and the second substrate 20, and the
second liquid crystal layer 53 has a larger refractive mndex
than the third substrate 30 and the second substrate 20. After
applying voltages to one first pixel 40 and one second pixel
50, there 1s an included angle between a long axial direction
of the first liguid crystal molecules 431 in the first liquid
crystal layer 43 corresponding to the first pixel 40 and a
surface of the first substrate 10 facing the second substrate
20, and/or there 1s an included angle between a long axial
direction of the second liquid crystal molecules 531 in the
second liquid crystal layer 53 corresponding to the second
pixel 50 and a surface of the third substrate 30 facing the
second substrate 20, and the long axial direction of the first
liquid crystal molecules 431 1n the first liquid crystal layer
43 corresponding to the first pixel 40 1s not parallel to the
long axial direction of the second liquid crystal molecules
531 1n the second liquid crystal layer 53 corresponding to the
second pixel 30. At least part of a side surface of the
transparent display panel 100 1s a light-entering surface of
the transparent display panel 100 when displaying an image,
and 1n the case that light enters the transparent display panel
100 through the light-entering surface and exits from a
surface of the first substrate 10 facing away from the second
substrate 20 and/or a surtace of the third substrate 30 facing
away Ifrom the second substrate 20, the transparent display
panel 100 displays an image.

When the transparent display panel 100 provided in the
embodiment of the present disclosure 1s assembled 1n a
transparent display device, a light source 1s located on a side
surface of the transparent display panel 100 and can be
exactly opposite to the light-entering surface of the trans-
parent display panel 100 when displaying an image. Refer-
ring to FIG. 2, when the light source 1s lighted up, light
emitted from the light source enters the transparent display
panel 100 through the light-entering surface. When the light
emitted from the light source travels within the transparent
display panel 100, first liquid crystal molecules 431 in the
first liquad crystal layer 43 corresponding to the first pixel 40
to which no voltage 1s applied does not rotate and assumes
a transparent state, and second liquid crystal molecules 531
in the second liquid crystal layer 53 corresponding to the
second pixel 50 to which no voltage 1s applied does not
rotate and assumes a transparent state. When light 1s incident
on the first substrate 10 or the second substrate 20 from the
first liquid crystal layer 43 and the incident angle of the light
1s larger than or equal to a critical angle for total internal
reflection, 1.e., when the incident angle meets the condition
of total internal reflection, since the first liquid crystal layer
43 has a larger refractive index than the first substrate 10 and
the second substrate 20, light of which the incident angle
meets the condition of total internal reflection travels along
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a W-shaped path between the first substrate 10 and the
second substrate 20, conforms to the principle of traveling 1n
an optical waveguide and can travel to every region between
the first substrate 10 and the second substrate 20. For the
same reasons, when light 1s incident on the third substrate 30
or the second substrate 20 from the second liquid crystal
layer 53, since the second liquid crystal layer 53 has a larger
refractive index than the third substrate 30 and the second
substrate 20, light of which the incident angle meets the
condition of total internal reflection travels along a
W-shaped path between the third substrate 30 and the second
substrate 20, conforms to the principle of traveling 1n an
optical waveguide and can travel to every region between
the third substrate 30 and the second substrate 20.

When voltages are applied to a first pixel 40 and a second
pixel 50 corresponding to the first pixel 40 using a dniving
circuit, the first liquid crystal molecules 431 in the first
liquad crystal layer 43 corresponding to the first pixel 40 to
which the voltage has been applied rotate, and the second
liquid crystal molecules 531 1n the second liqud crystal
layer 53 corresponding to the second pixel 50 to which the
voltage has been applied rotate. There 1s an included angle
larger than 0 and smaller than 90 degrees between the long
axial direction of at least one of the rotated first liquid crystal
molecules 431 and the rotated second liqud crystal mol-
ecules 531 and an upper surface of the first substrate 10,
which can be also interpreted as a case that the long axial
direction of the rotated first liquid crystal molecules 431 and
the long axial direction of the rotated second liquid crystal
molecules 531 are not parallel to the upper surface of the
first substrate 10 at the same time. For example, it may be
a case that the long axial direction of the rotated first liquid
crystal molecules 431 1s parallel to the upper surface of the
first substrate 10 and there 1s an included angle between the
long axial direction of the rotated second liquid crystal
molecules 531 and the upper surface of the first substrate 10;
or that the long axial direction of the rotated second liquid
crystal molecules 531 1s parallel to the upper surface of the
first substrate 10 and there 1s an included angle between the
long axial direction of the rotated first liquid crystal mol-
ecules 431 and the upper surface of the first substrate 10; or
that there 1s an 1included angle between the long axial
direction of the rotated first liquid crystal molecules 431 and
the upper surface of the first substrate 10 and there 1s an
included angle between the long axial direction of the
rotated second liquid crystal molecules 531 and the upper
surface of the first substrate 10, and the long axial direction
of the rotated first liquid crystal molecules 431 1s not parallel
to the long axial direction of the rotated second liquid crystal
molecules 531.

When light traveling within the transparent display panel
100 travels to the rotated first liquid crystal molecules 431,
the light 1s guided by the first liquid crystal molecules 431
and travels along the long axial direction of the first liquid
crystal molecules 431, or 1s refracted on the surface of the
first liquid crystal molecules 431, thereby destroying the
condition of total internal retlection of light when traveling
within the transparent display panel 100 and causing the
light to exat from a lower surface of the first substrate 10, or
to exit from an upper surface of the third substrate 30. For
the same reasons, when light traveling within the transparent
display panel 100 travels to the rotated second liquid crystal
molecules 531, the light 1s guided by the second liquid
crystal molecules 531 and ftravels along the long axial
direction of the second liquid crystal molecules 531, or is
refracted on the surface of the second liquid crystal mol-
ecules 531, thereby destroying the condition of total internal
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reflection of light when traveling within the transparent
display panel 100 and causing the light to exit from the
lower surface of the first substrate 10, or to exit from the
upper surface of the third substrate 30. In this case, the
transparent display panel 100 or the transparent display
device displays an 1mage.

When light travels to the rotated second liquid crystal
molecules 531, light exiting the transparent display panel
100 along the long axial direction of the rotated second
liquid crystal molecules 531 has a high intensity, and the
larger the angle between the exiting direction and the long
axial direction of the rotated second liquid crystal molecules
531 1s, the lower the intensity of the light exiting the
transparent display panel 100 1s. Therefore, a viewer devi-
ated far from the central line of the transparent display
device cannot see the picture. Likewise, when light travels
to the rotated first liquid crystal molecules 431, the larger the
angle between the exiting direction and the long axial
direction of the rotated first liquid crystal molecules 431 1s,
the lower the intensity of the light exiting the transparent
display panel 100 1s. However, since there 1s an included
angle between the long axial direction of at least one of the
rotated first liguid crystal molecules 431 and the rotated
second liquid crystal molecules 5331 and the upper surface of
the first substrate 10, and the long axial direction of the
rotated first liquid crystal molecules 431 1s not parallel to the
long axial direction of the rotated second liquid crystal
molecules 531, the intensity of light exiting the transparent
display panel 100 under the guidance of the rotated first
liquid crystal molecules 431 and the intensity of light exiting
the transparent display panel 100 under the guidance of the
second liquid crystal molecules 531 may compensate for
cach other such that the intensity of light whose exiting
direction 1s at a large angle to the long axial direction of the
rotated first liquid crystal molecules 431 i1s increased, and
the intensity of light whose exiting direction 1s at a large
angle to the long axial direction of the rotated second liquid
crystal molecules 331 1s also increased. Therefore, a viewer
whose position 1s deviated far from a central line of the
transparent display device can also see the picture displayed
on the transparent display device.

As shown mn FIG. 2, the present disclosure will be
explained by taking the case that the long axial direction of
the rotated first liquid crystal molecules 431 1s parallel to the
upper surface of the first substrate 10 and the long axial
direction of the rotated second liquid crystal molecules 531
1s perpendicular to the upper surface of the first substrate 10
as an example. From light exiting the transparent display
panel 100 under the guidance of the rotated first liquid
crystal molecules 431, the light exiting along the long axial
direction of the rotated first liquid crystal molecules 431 has
a relatively high intensity. The larger the included angle
between the exiting direction and the long axial direction of
the rotated first liguid crystal molecules 431 1s, the lower the
intensity of the light 1s. For example, an intensity of light
whose exiting direction 1s at an included angle of 60 degrees
to the long axial direction of the rotated first liquid crystal
molecules 431 1s lower than an intensity of light whose
exiting direction 1s at an included angle of 30 degrees to the
long axial direction of the rotated first liquid crystal mol-
ecules 431. For the same reasons, from light exiting the
transparent display panel 100 under the guidance of the
rotated second liquid crystal molecules 531, the light exiting
along the long axial direction of the rotated second liquid
crystal molecules 531 has a relatively high intensity. The
larger the included angle between the exiting direction and
the long axial direction of the rotated second liqud crystal
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molecules 531 1s, the lower the intensity of the light 1s. For
example, an intensity of light whose exiting direction 1s at an
included angle of 60 degrees to the long axial direction of
the rotated second liquid crystal molecules 531 1s lower than
an 1ntensity of light whose exiting direction 1s at an included
angle o1 30 degrees to the long axial direction of the rotated
second liqud crystal molecules 531. Since the long axial
direction of the rotated first liquid crystal molecules 431 1s
parallel to the upper surface of the first substrate 10 and the
long axial direction of the rotated second liquid crystal
molecules 331 1s perpendicular to the upper surface of the
first substrate 10, the light whose exiting direction 1s at an
included angle of 60 degrees to the long axial direction of
the rotated first liquid crystal molecules 431 1s parallel to the
light whose exiting direction 1s at an included angle of 30
degrees with the long axial direction of the rotated second
liquid crystal molecules 531, and the light whose exiting
direction 1s at an included angle of 30 degrees to the long
axial direction of the rotated first liquid crystal molecules
431 1s parallel to the light whose exiting direction 1s at an
included angle of 60 degrees to the long axial direction of
the rotated second liquid crystal molecules 531. As a result,
the light whose exiting direction 1s at an included angle of
30 degrees to the long axial direction of the rotated first
liquid crystal molecules 431 can compensate for the inten-
sity of the light whose exiting direction 1s at an included
angle of 60 degrees to the long axial direction of the rotated
second liquid crystal molecules 531. Thus, a viewer whose
position 1s deviated far from a central line of the transparent
display device can also see the picture displayed on the
transparent display device.

When a transparent display device includes the transpar-
ent display panel 100 provided in the embodiment of the
present disclosure displays an image, light emitted from the
light source enters the transparent display panel 100 through
the light-entering surface of the transparent display panel
100. Since the first liquid crystal layer 43 has a larger
refractive index than the first substrate 10 and the second
substrate 20 and the second liquid crystal layer 53 has a
larger refractive imndex than the third substrate 30 and the
second substrate 20, light emitted from the light source may
be totally internally reflected while traveling within the
transparent display panel 100 and gradually travels to each
region of the transparent display panel 100. When the light
travels to a first pixel 40 and a second pixel 50, to which
voltages are applied, both the first liquid crystal molecules
431 1n the first liquid crystal layer 43 corresponding to the
first pixel 40 and the second liquid crystal molecules 531 1n
the second liquid crystal layer 53 corresponding to the
second pixel 50 rotate. The long axial direction of the rotated
first liquid crystal molecules 431 and the long axial direction
of the second liquid crystal molecules 531 are not parallel to
the surface of the first substrate 10 facing the second
substrate 20 at the same time, and the long axial direction of
the rotated first liquid crystal molecules 431 1s not parallel
to the long axial direction of the rotated second liquid crystal
molecules 331. As a result, an 1ntensity of light exiting the
transparent display panel 100 under the guidance of the
rotated first liquid crystal molecules 431 and the intensity of
light exiting the transparent display panel 100 under the
guidance of the rotated second liquid crystal molecules 531
may compensate for each other such that an intensity of light
whose exiting direction 1s at a large angle to the long axial
direction of the rotated first liquid crystal molecules 431 1s
increased and an itensity of light whose exiting direction 1s
at a large angle to the long axial direction of the rotated
second liquid crystal molecules 531 1s also increased. There-
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fore, a viewer whose position 1s deviated far from a central
line of the transparent display device can also see the picture
displayed on the transparent display device. In other words,
a viewing angle of the transparent display device 1s enlarged.

In addition, at least part of a side surtace of the transparent
display panel 100 provided in the embodiment of the present
disclosure 1s a light-entering surface of the transparent
display panel 100 when displaying an image. Light enters
the transparent display panel 100 through the light-entering
surface and exits from a surface of the first substrate 10
facing away from the second substrate 20 and/or a surface of
the third substrate 30 facing away from the second substrate
20. In thus case, the transparent display panel 100 displays an
image. As compared with a transparent display device
comprising a lower polarizer, a transparent display panel and
an upper polarizer, the transparent display device compris-
ing the transparent display panel 100 provided in the
embodiment of the present disclosure does not need the
lower polarizer and the upper polarizer, thus the transmiat-
tance can be improved.

Furthermore, no light guide plate 1s required to be pro-
vided on the back of the transparent display panel 100
provided in the embodiment of the present disclosure. After
entering the transparent display panel 100 through the
light-entering surface, light exits from a surface of the first
substrate 10 facing away from the second substrate 20
and/or a surface of the third substrate 30 facing away from
the second substrate 20, thereby displaying an image on the
transparent display panel 100. In prior art, the light-entering
surface of the transparent display panel 100 when displaying
an 1mage 1s the back of the transparent display panel 100,
and a light guide plate 1s required to be provided on the back
of the transparent display panel 100. In contrast, when
assembling the transparent display panel 100 according to
the present disclosure in a transparent display device, the
light source 1s located on a side surface of the transparent
display panel 100, and there 1s no need to provide a light
guide plate on the back of the transparent display panel 100.
In this way, the light emitted from the light source can enter
the transparent display panel 100 through the light-entering
surface. Therefore, 1t 1s able to reduce the thickness of the
transparent display device, which 1s conductive to the devel-
opment of thin and light transparent display devices.

The transparent display panel 100 provided in the
embodiment of the present disclosure can be applied to shop
windows, glass curtain walls of buildings, windows of cars,
doors of cabinets, doors of refrigerators, etc.

In the embodiments as described above, the first pixel 40
can be provided 1n a plurality of manners. Several manners
in which the first pixel 1s provided will be 1llustrated below
by way of example, but the manner 1n which the first pixel
1s provided 1s not limited thereto.

First Manner 1n which the First Pixel 40 1s Arranged

Still referring to FIG. 1, the first pixel 40 comprises a first
common e¢lectrode 42 and a first pixel electrode 41. The first
common electrode 42 1s located on a surface of the second
substrate 20 facing the first substrate 10, and the first pixel
clectrode 41 1s located on a surtace of the first substrate 10
facing the second substrate 20. When voltages are applied to
the first pixel electrode 41 and the first common electrode
42, respectively, the first pixel 40 generates a vertical electric
field. The vertical electric field may be interpreted as an
clectric field of which the direction 1s perpendicular to the
surface of the first substrate 10 facing the second sub-
strate 20.
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Second Manner in which the First Pixel 40 1s Arranged

The first pixel 40 comprises a first common electrode 42
and a first pixel electrode 41. The first common electrode 42
1s located on a surface of the first substrate 10 facing the
second substrate 20, and the first pixel electrode 41 1s
located on a surface of the second substrate 20 facing the
first substrate 10. When voltages are applied to the first pixel
clectrode 41 and the first common electrode 42, respectively,
the first pixel 40 generates a vertical electric field. The
vertical electric field may be mterpreted as an electric field
of which the direction 1s perpendicular to the surface of the
first substrate 10 facing the second substrate 20.

Third Manner 1n which the First Pixel 40 1s Arranged

Referring to FIG. 3, the first pixel 40 comprises a first
common e¢lectrode 42 and a first pixel electrode 41. Both the
first common electrode 42 and the first pixel electrode 41 are
located on a surface of the first substrate 10 facing the
second substrate 20. When voltages are applied to the first
pixel electrode 41 and the first common electrode 42,
respectively, the first pixel 40 generates a parallel electric
field. The parallel electric field may be interpreted as an
clectric field of which the direction 1s parallel to the surface
of the first substrate 10 facing the second substrate 20.

Fourth Manner 1n which the First Pixel 40 1s Arranged

The first pixel 40 comprises a first common electrode 42
and a first pixel electrode 41. Both the first common elec-
trode 42 and the first pixel electrode 41 are located on a
surface of the second substrate 20 facing the first substrate
10. When voltages are applied to the first pixel electrode 41
and the first common electrode 42, respectively, the first
pixel 40 generates a parallel electric field. The parallel
clectric field may be interpreted as an electric field of which
the direction 1s parallel to the surface of the first substrate 10
facing the second substrate 20.

In the embodiments as described above, the second pixel
50 may be provided in a plurality of manners. Several
manners 1n which the second pixel 50 1s provided are
illustrated below by way of example, but the manner 1n
which the second pixel 50 is provided is not limited thereto.

First Manner 1n which the Second Pixel 50 1s Arranged

Still referring to FIG. 1, the second pixel 50 comprises a

second common electrode 52 and a second pixel electrode
51. The second common electrode 52 1s located on a surface
of the second substrate 20 facing the third substrate 30, and
the second pixel electrode 51 1s located on a surface of the
third substrate 30 facing the second substrate 20. When
voltages are applied to the second pixel electrode 51 and the
second common electrode 52, respectively, the second pixel
50 generates a vertical electric field. The vertical electric
field may be interpreted as an electric field of which the
direction 1s perpendicular to the surface of the first substrate
10 facing the second substrate 20.

Second Manner 1n which the Second Pixel 50 1s Arranged

The second pixel 50 comprises a second common elec-
trode 52 and a second pixel electrode 51. The second
common electrode 52 i1s located on a surface of the third
substrate 30 facing the second substrate 20, and the second
pixel electrode 51 1s located on a surface of the second
substrate 20 facing the third substrate 30. When voltages are
applied to the second pixel electrode 51 and the second
common e¢lectrode 52, respectively, the second pixel 50
generates a vertical electric field. The vertical electric field
may be interpreted as an electric field of which the direction
1s perpendicular to the surface of the first substrate 10 facing
the second substrate 20.
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Third Manner in which the Second Pixel 50 1s Arranged

Still referring to FIG. 3, the second pixel 50 comprises a
second common electrode 52 and a second pixel electrode
51. Both the second common electrode 52 and the second
pixel electrode 51 are located on a surface of the third
substrate 30 facing the second substrate 20. When n voltages
are applied to the second pixel electrode 51 and the second
common electrode 52, respectively, the second pixel 50
generates a parallel electric field. The parallel electric field
may be interpreted as an electric field of which the direction
1s parallel to the surface of the first substrate 10 facing the
second substrate 20.

Fourth Manner 1n which the Second Pixel 50 1s Arranged

The second pixel 50 comprises a second common elec-
trode 52 and a second pixel electrode 51. Both the second
common e¢lectrode 52 and the second pixel electrode 51 are
located on a surface of the second substrate 20 facing the
third substrate 30. When voltages are applied to the second
pixel electrode 51 and the second common electrode 52,
respectively, the second pixel 50 generates a parallel electric
field. The parallel electric field may be interpreted as an
clectric field of which the direction 1s parallel to the surface
of the first substrate 10 facing the second substrate 20.

In the embodiments described above, the material of the
first liquid crystal molecules 431 may be selected as desired.
Two options are 1illustrated below, but the material 1s not
limited thereto.

Option 1 of the Material of the First Liquid Crystal
Molecules 431

The first liquid crystal molecules 431 may be negative
liquid crystal molecules. When the first liquid crystal mol-
ecules 431 are placed in an electric field, a long axial
direction of the deflected first liquid crystal molecules 431 1s
a direction perpendicular to the direction of the electric field.

Option 2 of the Material of the First Liquid Crystal
Molecules 431

The first liquid crystal molecules 431 may be positive
liquid crystal molecules. When the first liquid crystal mol-
ecules 431 are placed in an electric field, a long axial
direction of the deflected first liquid crystal molecules 431 1s

a direction parallel to the direction of the electric field.

The material of the second liquid crystal molecules 531
may also be selected as desired. Two options will be
illustrated below, and the material 1s not limited thereto.

Option 1 of the Material of the Second Liquid Crystal
Molecules 531

The second liquid crystal molecules 331 may be negative
liguid crystal molecules. When the second liquid crystal
molecules 531 are placed in an electric field, a long axial
direction of the deflected second liquid crystal molecules
531 1s a direction perpendicular to the direction of the
clectric field.

Option 2 of the Matenal of the Second Liqud Crystal
Molecules 531

The second liquid crystal molecules 5331 may be positive
liguid crystal molecules. When the second liquid crystal
molecules 531 are placed in an electric field, a long axial
direction of the deflected second liquid crystal molecules
531 1s a direction parallel to the direction of the electric field.

In the embodiments described above, an original align-
ment manner of the first liquid crystal molecules 431 and an
original alignment manner of the second liquid crystal
molecules 531 may be set as desired.

First Original Alignment Manner of the First Liquid
Crystal Molecules 431
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Still reterring to FI1G. 1, an original alignment direction of
the first liquid crystal molecules 431 1s perpendicular to a
surface of the first substrate 10 facing the second substrate
20.

Second Original Alignment Manner of the First Liquid
Crystal Molecules 431

An orniginal alignment direction of the first liquid crystal
molecules 431 1s parallel to a surface of the first substrate 10
tacing the second substrate 20.

First Original Alignment Manner of the Second Liquid
Crystal Molecules 531

An original alignment manner of the second liquid crystal
molecules 531 1s perpendicular to a surface of the third
substrate 30 facing the second substrate 20.

Second Original Alignment Manner of the Second Liquid
Crystal molecules 531

An original alignment manner of the second liquid crystal
molecules 531 1s parallel to a surface of the third substrate
30 facing the second substrate 20.

In the embodiments described above, after applying volt-
ages to a first pixel 40 and a second pixel 50, there 1s an
included angle between the long axial direction of the first
liquid crystal molecules 431 1n the first liquid crystal layer
43 corresponding to the first pixel 40 and the surface of the
first substrate 10 facing the second substrate 20, and/or, there
1s an included angle between the long axial direction of the
second liquid crystal molecules 531 in the second liquid
crystal layer 53 corresponding to the second pixel 50 and the
surface of the third substrate 30 facing the second substrate
20, and the long axial direction of the first liquid crystal
molecules 431 1n the first liquid crystal layer 43 correspond-
ing to the first pixel 40 1s not parallel to the long axial
direction of the second liquid crystal molecules 331 1n the
second liquid crystal layer 53 corresponding to the second
pixel 50. In the case where these conditions are satisfied, the
arrangement manner of the first pixel 40, the option of the
material of the first liquid crystal molecules 431, the original
alignment manner of the first liquid crystal molecules 431,
the arrangement manner of the second pixel, the option of
the material of the second liquid molecule 531 and the
original alignment manner of the second liquid crystal
molecules 531 can be combined 1n various manners.

For example, still referring to claim 1, the transparent
display panel 100 may be arranged as follows: the first
arrangement manner of the first pixel 40, the option 1 of the
material of the first liquid crystal molecules 431, the first
original alignment manner of the first liquid crystal mol-
ecules 431, the first arrangement manner of the second pixel
50, the option 2 of the material of the second liquid crystal
molecules 531 and the second original alignment manner of
the second liquid crystal molecules 531. Specifically, as
shown 1n FIG. 1, 1n the first pixel 40, the first pixel electrode
41 1s located on an upper surface of the first substrate 10, the
first common electrode 42 1s located on a lower surface of
the second substrate 20, and in the first liquid crystal layer
43, an original alignment direction of the first liquid crystal
molecules 431 1s perpendicular to the upper surface of the
first substrate 10, long chains of first stable polymers 432 are
aligned 1n a direction perpendicular to the upper surface of
the first substrate 10, and the first liquid crystal molecules
431 are negative liquid crystal molecules; in the second
pixel 50, the second pixel electrode 50 1s located on a lower
surface of the third substrate 30, the second common elec-
trode 52 1s located on the upper surface of the second
substrate 20, and 1n the second liquid crystal layer 53, an
original alignment direction of the second liquid crystal
molecules 531 1s parallel to the upper surface of the first
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substrate 10, and long chains of second stable polymers 532
are aligned 1n a direction parallel to the upper surface of the
first substrate 10, and the second liquid crystal molecules
531 are positive liquid crystal molecules.

After applying a voltage to the first pixel 40 of the
transparent display panel arranged as above, 1.e., applying
voltage to the first pixel electrode 41 and the first common
clectrode 42, respectively, the first pixel 40 generates a
vertical electric field. The first liquid crystal molecules 431
rotate under action of the vertical electric field, and a long
axial direction of the rotated first liquid crystal molecules
431 1s a direction parallel to the upper surface of the first
substrate 10; after applying a voltage to the second pixel 50,
1.€., applying voltages to the second pixel electrode 51 and
the second common electrode 52, respectively, the second
pixel 50 generates a vertical electric field, and the second
liguid crystal molecules 331 rotate under action of the
vertical electric field, and a long axial direction of the rotated
second liquid crystal molecules 531 1s a direction perpen-
dicular to the upper surface of the first substrate 10.

In the transparent display panel 100 provided 1n the above
embodiment, there are a plurality of first pixels 40 and a
plurality of second pixels 50. The plurality of first pixels 40
shares a first common electrode 42 which 1s provided on the
lower surface of the second substrate 20. Each of the first
pixels 40 comprises a first pixel electrode 41 which 1s
provided on the upper surface of the first substrate 10. The
first pixel electrode 41 comprises a thin film transistor for
driving the first pixel electrode 41, and a projection of the
first common electrode 42 on the upper surface of the first
substrate 10 covers projections of the plurality of first pixels
40 on the upper surtace of the first substrate 10. The plurality
ol second pixels 50 shares one second common electrode 52
which 1s provided on the upper surface of the second
substrate 20. Each of the second pixels 30 comprises one
second pixel electrode 51 which 1s proved on a lower surface
of the third substrate 30. The second pixel electrode 51
comprises a thin film transistor for driving the second pixel
substrate 31. As compared with the case 1n which the first
pixel electrode 41 1s provided on the lower surface of the
second substrate 20, the first common electrode 42 1s
arranged on the upper surface of the first substrate 10, the
second pixel electrode 51 1s provided on the upper surface
of the second substrate 20, and the second common elec-
trode 52 1s provided on the lower surface of the third
substrate 30, the above design can prevent the plurality of
independent first pixel electrodes 41 and the thin film
transistor ol each first pixel electrode 41 from adversely
allecting light traveling to the second substrate 20, and
prevent the plurality of independent second pixel electrodes
51 and the thin film transistor of each second pixel electrode
51 from adversely aflecting light traveling to the second
substrate 20.

In a practical application, the transparent display panel
100 may be arranged as follows: the second arrangement
manner of the first pixel 40, the option 1 of the matenal of
the first liquid crystal molecules 431, the first original
alignment manner of the first liquid crystal molecules 431,
the second arrangement manner of the second pixel 50, the
option 2 of the material of the second liquid crystal mol-
ecules 331 and the second original alignment manner of the
second liquid crystal molecules 331. For the transparent
display panel thus arranged, in the first pixel 40, the first
common electrode 42 1s located on an upper surface of the
first substrate 10, the first pixel electrode 41 1s located on a
lower surface of the second substrate 20; in the second pixel
50, the second common electrode 52 1s located on a lower
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surface of the third substrate 30, and the second pixel
clectrode 51 1s located on the upper surface of the second
substrate 20. The first common electrode 42 and the second
common electrode 52 can shield an electrical signal from the
outside of the transparent display panel, and prevent the
clectrical signal from the outside of the transparent display
panel from adversely affecting picture displaying quality of
the transparent display device.

Still referring to FIG. 1, in the embodiment of the present
disclosure, the first liquid crystal layer 43 further contains
first stable polymers 432, and the second liquid crystal layer
531 further contains second stable polymers 532. The first
stable polymers 432 are uniformly mixed with the first liquad
crystal molecules 431, and long chains of the first stable
polymers 432 are aligned 1n an original alignment direction
of the first liquid crystal molecules 431. The second stable
polymers 332 are uniformly mixed with the second liquid
crystal molecules 531, and long chains of the second stable
polymers 532 are aligned 1n an original alignment direction
of the second liquid crystal molecules 531.

The first stable polymers 432 are provided 1n first liquid
crystal layer 43, and long chains of the first stable polymers
432 are aligned 1n the original alignment direction of the first
liquid crystal molecules 431. The original alignment direc-
tion of the first liquid crystal molecules 431 may be regarded
as the long axial direction of the first liquid crystal molecules
431 that are not rotated. For example, as shown 1n FIG. 1,
the original alignment direction of the first liquid crystal
molecules 431 1s perpendicular to the surface of the first
substrate 10 facing the second substrate 20, thus the long
chains of the first stable polymers 432 are aligned in a
direction perpendicular to the surface of the first substrate 10
facing the second substrate 20. According to the alignment
direction of the long chains of the first stable polymers 432,
the original alignment direction and rotation of the first
liquad crystal molecules 431 can be guided such that the long
axial direction of the first liquid crystal molecules 431 has a
relatively stable and accurate alignment.

The second stable polymers 332 are provided in the
second liquid crystal layer 53, and long chains of the second
stable polymers 532 are aligned in the original alignment
direction of the second liquid crystal molecules 531. The
original alignment direction of the second liquid crystal
molecules 331 may be regarded as the long axial direction
of the second liquid crystal molecules 531 that are not
rotated. For example, as shown i FIG. 1, the original
alignment direction of the second liqud crystal molecules
531 1s parallel to the surface of the first substrate 10 facing
the second substrate 20, thus the long chains of the second
stable polymers 332 are aligned 1n a direction parallel to the
surface of the first substrate 10 facing the second substrate
20. According to the alignment direction of the long chains
of the second stable polymers 332, the original alignment
direction and rotation of the second liquid crystal molecules
531 can be guided such that the long axial direction of the
second liquid crystal molecules 531 has a relatively stable
and accurate alignment.

Still referring to FIGS. 1 and 3, the transparent display
panel 100 provided in the embodiment of the present dis-
closure further comprises a first alignment film 44 superim-
posed on the surface of the first substrate 10 facing the
second substrate 20, a second alignment film 45 superim-
posed on the surface of the second substrate 20 facing the
first substrate 10, a third alignment film 354 superimposed on
the surface of the third substrate 30 facing the second
substrate 20, and a fourth alignment film 535 superimposed
on the surface of the second substrate 20 facing the third
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substrate 30. The first liqmud crystal layer 43 1s located
between the first alignment film 44 and the second alignment
film 45, and an alignment direction of the first alignment
film 44 and an alignment direction of the alignment film 45
are 1dentical to the original alignment direction of the first
liquid crystal molecules 431. The second liquid crystal layer
53 1s located between the third alignment film 54 and the
fourth alignment film 35, and an alignment direction of the
third alignment film 54 and an alignment direction of the
fourth alignment film 35 are identical to the original align-
ment direction of the second liquid crystal molecules 531.

The first alignment film 44 and the second alignment film
45 are arranged such that a preset angle can be provided for
the first liquid crystal molecules 431 to cause the first liquid
crystal molecules 431 to be aligned in a specific original
alignment direction. For example, when it 1s required that
the original alignment direction of the first liquid crystal
molecules 431 1s perpendicular to the upper surface of the
first substrate 10, both alignment directions of the first
alignment film 44 and the second alignment film 45 are
perpendicular to the upper surface of the first substrate 10.
After the first liquid crystal molecules 431 are filled between
the first alignment film 44 and the second alignment film 45,
the first liquid crystal molecules 431 may be aligned 1n a
direction perpendicular to the upper surface of the first
substrate 10, that 1s, the original alignment direction of the
first liquid crystal molecules 431 1s perpendicular to the
upper surface of the first substrate 10.

The third alignment film 54 and the fourth alignment {ilm
55 are arranged such that a preset angle can be provided for
the second liquid crystal molecules 531 to cause the second
liguid crystal molecules 531 to be aligned 1n a specific
original alignment direction. For example, when 1t 1is
required that the original alignment direction of the second
liquid crystal molecules 531 1s parallel to the upper surface
of the first substrate 10, both alignment directions of the
third alignment {ilm 54 and the fourth alignment film 55 are
parallel to the upper surface of the first substrate 10. After
the second liquid crystal molecules 331 are filled between
the third alignment film 54 and the fourth alignment film 55,
the second liquid crystal molecules 531 may be aligned 1n a
direction parallel to the upper surface of the first substrate

10, that 1s, the original alignment direction of the second
liquid crystal molecules 531 1s parallel to the upper surface
of the first substrate 10.

The present disclosure further provides 1n an embodiment
a transparent display device that comprises a light source
200 and the transparent display panel 100 as described 1n the
above embodiment. The light source 200 1s located on a side
surface of the transparent display panel 100 and opposite to
the light-entering surface of the transparent display panel
100.

As shown 1n FIG. 1, the light source 200 may be exactly
opposite to a side surface of the second substrate 20 1n the
transparent display panel 100. Alternatively, as shown in
FIG. 3, there may be a plurality of light sources 200, one of
which 1s exactly opposite to a side surface of the first liquid
crystal layer 43 1n the transparent display panel 100, and
another one of which 1s exactly opposite to a side surface of
the second liquid crystal layer 53 1n the transparent display
panel 100.

The transparent display device has the same advantages as
the transparent display panel described above as compared
with the prior art, and these advantages will not be repeated
here.
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The present disclosure further provides 1n an embodiment
a method for manufacturing a transparent display panel that
1s the transparent display panel as described above, which
method comprises:

Step 100: providing a first substrate, a second substrate
and a third substrate;

Step 300: superimposing the first substrate, the second
substrate and the third substrate 1n order, forming a plurality
of first pixels distributed in an array between the first
substrate and the second substrate, and forming a plurality of
second pixels distributed 1 an array between the third
substrate and the second substrate, wherein the plurality of
first pixels corresponds to the plurality of first pixels 1n a
one-to-one manner; and

Step 400: forming a first liquid crystal layer between the
first substrate and the second substrate and forming a second
liquid crystal layer between the third substrate and the
second substrate.

Optionally, the method further comprises step 200: super-
imposing a first alignment film on a surface of the first
substrate facing the second substrate, superimposing a sec-
ond alignment film on a surface of the second substrate
facing the first substrate, superimposing a third alignment
film on a surface of the third substrate facing the second
substrate, and superimposing a fourth alignment film on a
surface of the second substrate facing the third substrate.
Please refer to FIG. 4 for details.

The embodiments 1n this specification are described 1n a
progressive mode and can be referred to each other for the
same or similar part, and each embodiment 1s described by
focusing on its difference from the other embodiments. For
a method embodiment, since it 1s generally similar to a
product embodiment, its description 1s simple and you may
refer to the product embodiment for relevant parts.

Referring to FIG. 5, step S400 of forming the first liquid
crystal layer between the first substrate and the second
substrate and forming the second liquid crystal layer
between the third substrate and the second substrate may
comprise:

step S410: mixing polymerizable liquid crystal mono-
mers, the first liquid crystal molecules and a photo mitiator
uniformly to form a first liquid crystal mixture;

step S420: 1njecting the first liquid crystal mixture
between the first substrate and the second substrate;

step S430: 1rradiating the first liquid crystal mixture using
UV light to form the first liquid crystal layer, wherein the
polymerizable liquid crystal monomers are polymerized to
form {first stable polymers whose long chains are aligned 1n
an original alignment direction of the first liquid crystal
molecules;

step S440: mixing polymerizable liquid crystal mono-
mers, the second liquid crystal molecules and a photo
initiator uniformly to form a second liquid crystal mixture;

step S450: injecting the second liquid crystal mixture
between the third substrate and the second substrate;

step S460: wrradiating the second liquid crystal mixture
using UV light to form the second liquid crystal layer,
wherein the polymerizable liqmd crystal monomers are
polymerized to form second stable polymers whose long
chains are aligned 1n an original alignment direction of the
second liquid crystal molecules.

In the embodiment described above, the order of forming
the first liquid crystal layer and the second liquid crystal
layer 1s not limited. When step S400 1s carried out, the
formation of the first liquid crystal layer may be followed by
the formation of the second liquid crystal layer. In other
words, steps S410, S420 and S430 are first carried out in
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order, and then steps S440, S450 and S460 are carried out 1n
order. Alternatively, the formation of the second liquid
crystal layer 1s followed by the formation of the first liquid
crystal layer. In order words, steps S440, S450 and S460 are
first carried out 1n order, and then steps S410, S420 and S430
are carried out 1n order.

Referring to FIG. 6, the step S400 of forming the first
liquid crystal layer between the first substrate and the second
substrate and forming the second liquid crystal layer
between the third substrate and the second substrate may
further comprise:

step S470: mixing polymerizable liquid crystal mono-
mers, the first liquid crystal molecules and a photo mitiator
uniformly to form a first liquid crystal mixture, and mixing
polymerizable liquid crystal monomers, the second liquid
crystal molecules and a photo imitiator uniformly to form a
second liquid crystal mixture;

step S480: mnjecting the first liquid crystal mixture
between the first substrate and the second substrate and
injecting the second liquid crystal mixture between the third
substrate and the second substrate:

step S490: wrradiating the first liquid crystal mixture and
the second liquid crystal mixture using UV light at the same
time to form the first liguid crystal layer and the second
liquid crystal layer, wherein the polymerizable liquid crystal
monomers 1n the first liquid crystal mixture are polymerized
to form first stable polymers whose long chains are aligned
in an original alignment direction of the first liquid crystal
molecules, and the polymerizable liqud crystal monomers
in the second liquid crystal mixture are polymerized to form
second stable polymers whose long chains are aligned 1n an
original alignment direction of the second liquid crystal
molecules.

By irradiating UV light once, the first liquid crystal layer
and the second liquid crystal layer are formed at the same
time. Thus, 1t 1s able to reduce the steps of the process for
manufacturing the transparent display panel and reduce time
and cost.

In the embodiment described above, 1 the first liquid
crystal mixture, the polymerizable liquid crystal monomers
account for 1% to 5% by mass of the first liqud crystal
mixture, and the photo itiator accounts for 0.5% to 3% by
mass of the first liquid crystal mixture; and in the second
liguid crystal mixture, the polymerizable liquid crystal
monomers account for 1% to 5% by mass of the second
liquid crystal mixture, and the photo mnitiator accounts for
0.5% to 3% by mass of the second liquid crystal mixture.

The transparent display panel in the above embodiment
turther comprises: a first alignment {ilm superimposed on a
surface of the first substrate facing the second substrate, a
second alignment film superimposed on a surface of the
second substrate facing the first substrate, a third alignment
film superimposed on a surface of the third substrate facing
the second substrate, and a fourth alignment film superim-
posed on a surface of the second substrate facing the third
substrate.

In order to explain the method for manufacturing the
transparent display panel provided in the embodiment of the
present disclosure 1n detail, the method will be described by
taking the structure of the transparent display panel provided
in FIG. 1 as an example. The method for manufacturing the
transparent display panel provided in FIG. 1 comprises the
following steps S100 to S400:

step S100: providing a first substrate, a second substrate
and a third substrate; forming a plurality of first pixel
clectrodes on a surface of the first substrate; forming a first
common electrode on a surface of the second substrate;
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forming a second common electrode on another surface of
the second substrate, the second common electrode being
opposite to the first common electrode; and forming a
plurality of second pixel electrodes on a surface of the third
substrate;

step S200: superimposing a first alignment film on a
surface of the first substrate facing the second substrate,
superimposing a second alignment film on a surface of the
second substrate facing the first substrate, superimposing a
third alignment film on a surface of the third substrate facing,
the second substrate, and superimposing a fourth alignment
film on a surface of the second substrate facing the third
substrate; or, forming a first alignment film on a surface of
the first substrate and the plurality of pixel electrodes,
forming a second alignment film on the first common
clectrode, forming a fourth alignment film on the second
common electrode and forming a third alignment film on a
surface of the third substrate and the plurality of second
pixel electrodes.

step S300: superimposing the first substrate, the second
substrate and the third substrate in order, wherein the first
substrate and the second substrate may be placed opposite to
cach other to form a cell using a frame sealant, the surface
of the first substrate provided with the first alignment film
and the plurality of first pixel electrodes 1s opposite to the
surface of the second substrate provided with the first
common electrode and the second alignment film, each first
pixel electrode and the first common electrode may consti-
tute one first pixel, and there 1s an injection hole for the
frame sealant between the first substrate and the second
substrate:; and the second substrate and the third substrate are
placed opposite to each other to form a cell using the frame
sealant, the surface of the third substrate provided with the
third alignment film and the plurality of second pixel elec-
trodes 1s opposite to the surface of the second substrate
provided with the second common electrode and the fourth
alignment film, each second pixel electrode and the second
common e¢lectrode may constitute one second pixel, and
there 1s an injection hole for the frame sealant between the
second substrate and the third substrate.

step S400: forming a first liquad crystal layer between the
first substrate and the second substrate and forming a second
liquad crystal layer between the third substrate and the
second substrate, wherein the first liquid crystal mixture
may be injected through the injection hole for the frame
sealant between the first substrate and the second substrate
when 1t 1s 1njected between the first substrate and the second
substrate; and the second liquid crystal mixture may be

injected through the injection hole for the frame sealant
between the second substrate and the third substrate when 1t
1s 1njected between the third substrate and the second
substrate.

In the description of the above embodiments, specific
features, structures, materials or characteristics may be
appropriately combined 1in any one or multiple embodiments
or examples.

The above are merely the specific embodiments of the
present disclosure, but the protection scope of the present
disclosure 1s not limited thereto. Variations or alternatives
that can be readily envisaged by a person skilled 1n the art
according to techmical contents revealed in the present
disclosure should fall within the protection scope of the
present disclosure. The protection scope of the present
disclosure should be defined by the terms of the appending
claims.
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What 1s claimed 1s:

1. A transparent display panel, comprising: a first sub-
strate, a second substrate, and a third substrate superimposed
in order; a first liqud crystal layer and a plurality of first
pixels located between the first substrate and the second
substrate; and a second liquid crystal layer and a plurality of
second pixels located between the second substrate and the
third substrate,

wherein the plurality of first pixels 1s distributed 1n an

array, the plurality of second pixels 1s distributed 1n an
array, and the plurality of second pixels corresponds to
the plurality of first pixels in a one-to-one manner; the

first liquid crystal layer contains first liquid crystal
molecules and has a larger refractive index than the first

substrate and the second substrate; and the second
liquad crystal layer contains second liquid crystal mol-
ecules and has a larger refractive index than the third
substrate and the second substrate,
wherein the transparent display panel i1s configured so
that, after voltages are applied to one first pixel and one
second pixel, a long axial direction of the first liquid
crystal molecules corresponding to the one first pixel
and a long axial direction of the second liquid crystal
molecules corresponding to the one second pixel are
not parallel to a surface of the first substrate facing the
second substrate at the same time, and the long axial
direction of the first liqud crystal molecules 1n the first
liquid crystal layer corresponding to the one first pixel
1s not parallel to the long axial direction of the second
liquid crystal molecules 1n the second liquid crystal
layer corresponding to the one second pixel, and

wherein at least part of a side surface of the transparent
display panel 1s a light-entering surface of the trans-
parent display panel, and in the case that light enters the
transparent display panel through the light-entering
surface and exits from a surface of the first substrate
facing away from the second substrate and a surface of
the third substrate facing away from the second sub-
strate, the transparent display panel 1s configured to
display an image,

wherein each first pixel comprises a first common elec-

trode and a first pixel electrode, and the first pixel
clectrode 1s located on a surface of the first substrate
facing the second substrate and wherein each second
pixel comprises a second common electrode and a
second pixel electrode, and the second pixel electrode
1s located on a surface of the third substrate facing the
second substrate.

2. The transparent display panel according to claim 1,
wherein the first common electrode 1s located on a surface
of the second substrate facing the first substrate, or on the
surface of the first substrate facing the second substrate.

3. The transparent display panel according to claim 1,
wherein the second common electrode 1s located on a
surface of the second substrate facing the third substrate, or
on a surface of the third substrate facing the second sub-
strate.

4. The transparent display panel according to claim 1,
wherein the first liquid crystal molecules are negative liquid
crystal molecules or positive liquid crystal molecules, and
an original alignment direction of the first liquid crystal
molecules 1s perpendicular or parallel to the surface of the
first substrate facing the second substrate; wherein the
second liquid crystal molecules are negative liquid crystal
molecules or positive liquid crystal molecules, and an origi-
nal alignment direction of the second liquid crystal mol-
ecules 1s perpendicular or parallel to a surtace of the third
substrate facing the second substrate.
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5. The transparent display panel according to claim 1,
wherein the first liguad crystal layer further contains first
stable polymers which are uniformly mixed with the first
liquid crystal molecules and whose long chains are aligned
in an original alignment direction of the first liquid crystal
molecules; wherein the second liquid crystal layer further
contains second stable polymers which are uniformly mixed
with the second liquid crystal molecules and whose long
chains are aligned 1n an original alignment direction of the
second liquid crystal molecules.

6. The transparent display panel according to claim 1,
wherein the transparent display panel further comprises: a
first alignment film superimposed on the surface of the first
substrate facing the second substrate, a second alignment
film superimposed on a surface of the second substrate
facing the first substrate, a third alignment film superim-
posed on a surface of the third substrate facing the second
substrate, and a fourth alignment film superimposed on a
surface of the second substrate facing the third substrate;
wherein an alignment direction of the first alignment film
and an alignment direction of the second alignment film are
identical to an original alignment direction of the first liqud
crystal molecules, and an alignment direction of the third
alignment film and an alignment direction of the fourth
alignment film are i1dentical to an original alignment direc-
tion of the second liquid crystal molecules.

7. A transparent display device comprising a light source
and the transparent display panel according to claim 1,
wherein the light source 1s located on a side surface of the
transparent display panel, and opposite to a light-entering
surface of the transparent display panel.

8. The transparent display device according to claim 7,
wherein the first common electrode 1s located on a surface
of the second substrate facing the first substrate, or on the
surface of the first substrate facing the second substrate.

9. The transparent display device according to claim 7,
wherein the second common electrode 1s located on a
surface of the second substrate facing the third substrate, or
on a surface of the third substrate facing the second sub-
strate.

10. The transparent display device according to claim 7,
wherein the first liquid crystal molecules are negative liquid
crystal molecules or positive liquid crystal molecules, and
an original alignment direction of the first liquid crystal
molecules 1s perpendicular or parallel to the surface of the
first substrate facing the second substrate; wherein the
second liquid crystal molecules are negative liquid crystal
molecules or positive liquid crystal molecules, and an origi-
nal alignment direction of the second liquid crystal mol-
ecules 1s perpendicular or parallel to a surface of the third
substrate facing the second substrate.

11. The transparent display device according to claim 7,
wherein the first liquid crystal layer further contains first
stable polymers which are uniformly mixed with the first
liquid crystal molecules and whose long chains are aligned
in an original alignment direction of the first liquid crystal
molecules; wherein the second liquid crystal layer further
contains second stable polymers which are uniformly mixed
with the second liquid crystal molecules and whose long
chains are aligned 1n an original alignment direction of the
second liquid crystal molecules.

12. A method for manufacturing the transparent display
panel according to claim 1, said method comprising steps of:

providing the first substrate, the second substrate and the

third substrate;

superimposing the first substrate, the second substrate and

the third substrate in order, forming a plurality of first
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pixels distributed 1n an array between the first substrate
and the second substrate, and forming a plurality of
second pixels distributed 1n an array between the third
substrate and the second substrate, wherein the plural-
ity of first pixels corresponds to the plurality of second
pixels 1n a one-to-one manner; and

forming a first liquid crystal layer between the first

substrate and the second substrate and forming a sec-
ond liquid crystal layer between the third substrate and
the second substrate.

13. The method according to claim 12, wherein the step
of forming the first liquid crystal layer between the first
substrate and the second substrate and forming the second
liguid crystal layer between the third substrate and the
second substrate comprises:

mixing polymerizable liquid crystal monomers, the first

liquid crystal molecules and a photo 1mitiator uniformly
to form a first liquid crystal mixture;

injecting the first liquid crystal mixture between the first

substrate and the second substrate;
irradiating the first liquid crystal mixture using ultraviolet
(UV) light to form the first liquid crystal layer, wherein
the polymerizable liquid crystal monomers are polym-
erized to form first stable polymers whose long chains
are aligned 1n an original alignment direction of the first
liquid crystal molecules;
mixing polymerizable liquid crystal monomers, the sec-
ond liquid crystal molecules and a photo initiator
uniformly to form a second liquid crystal mixture;

injecting the second liquid crystal mixture between the
third substrate and the second substrate; and

irradiating the second liquid crystal mixture using UV
light to form the second liquid crystal layer, wherein the
polymerizable liquid crystal monomers are polymer-
1zed to form second stable polymers whose long chains
are aligned 1n an original alignment direction of the
second liquid crystal molecules.

14. The method according to claim 12, wherein the step
of forming the first liquid crystal layer between the first
substrate and the second substrate and forming the second
liguid crystal layer between the third substrate and the
second substrate comprises:

mixing polymerizable liquid crystal monomers, the first

liquid crystal molecules and a photo initiator uniformly
to form a first liquid crystal mixture, and mixing
polymerizable liquid crystal monomers, the second
liquid crystal molecules and a photo 1imitiator uniformly
to form a second liquid crystal mixture;

injecting the first liquid crystal mixture between the first

substrate and the second substrate and injecting the
second liquid crystal mixture between the third sub-
strate and the second substrate; and

irradiating the first liquid crystal mixture and the second

liquid crystal mixture using UV light at the same time
to form the first liqud crystal layer and the second
liquid crystal layer, respectively, wherein the polymer-
1zable liquid crystal monomers 1n the first liquid crystal
mixtures are polymerized to form first stable polymers
whose long chains are aligned 1n an original alignment
direction of the first liquid crystal molecules, and the
polymerizable liqud crystal monomers 1n the second
liquid crystal mixture are polymerized to form second
stable polymers whose long chains are aligned 1n an
original alignment direction of the second liquud crystal
molecules.

15. The method according to claim 13, wherein 1n the first
liguid crystal mixture, the polymerizable liqmd crystal
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monomers account for 1% to 5% by mass of the first liquid
crystal mixture and the photo 1nitiator accounts for 0.5% to
3% by mass of the first liquid crystal mixture;
in the second liquid crystal mixture, the polymerizable
liquid crystal monomers account for 1% to 3% by mass
of the second liquid crystal mixture, and the photo
initiator accounts for 0.5% to 3% by mass of the second
liquid crystal mixture.

16. The method according to claam 12, wherein the
method further comprises:

superimposing a first alignment film on a surface of the

first substrate facing the second substrate, superimpos-
ing a second alignment film on a surface of the second
substrate facing the first substrate, superimposing a
third alignment film on a surface of the third substrate
facing the second substrate, and superimposing a fourth
alignment film on a surface of the second substrate
facing the third substrate, wherein an alignment direc-
tion of the first alignment film and an alignment direc-
tion of the second alignment film are identical to an
original alignment direction of the first liquid crystal
molecules, and an alignment direction of the third
alignment film and an alignment direction of the fourth
alignment film are identical to an original alignment
direction of the second liquid crystal molecules.

17. The transparent display panel according to claim 1
wherein an orthographic projection of the first pixel elec-
trode of a respective first pixel on the third substrate at least
partially overlaps with the second pixel electrode of a
corresponding second pixel on the third substrate.
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